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Cave deposits in the ML show great promise for paleoclimatic reconstruction (7) (8) (9) . The challenge lies in developing long, continuous records from rapidly growing stalagmites that can be dated precisely by using 234 U-230 Th (U-Th). Here, we present a subannually resolved rainfall record from an exceptionally well-dated stalagmite collected from Yok Balum (YB) Cave in Belize (16°12'30.780" N, 89°4'24.420" W, 366 m above sea level) (10) . YB cave is located 1.5 km from the Classic Period Maya site of Uxbenká. Three other important Maya centers (Pusilha, Lubaantun, Nim Li Punit) are within 30 km (fig. S1); Tikal and other major Classic Period population centers (such as Caracol, Copan, and Calakmul) are REPORTS within 200 km and are influenced by the same climate systems ( fig. S8 ). Age control of our climate reconstruction is comparable in precision with the historical record, providing a foundation for examining the complex nature of political dynamics in response to climate change.
In 2006, we collected a 56-cm-long stalagmite (YOK-I) from 50 m inside the western entrance of the cave (figs. S2 and S3). Forty U-Th dates indicate that the upper 415 mm of the stalagmite grew continuously between 40 B.C.E. and 2006 C.E. (table S2 and fig. S4 ). Analytical precision for the U-Th dates ranges from T1 to T17 years, and time averaging related to sample drilling is ~20 years (table S3 and fig. S5 ). The climate record is based on >4200 oxygen isotope (d 18 O) measurements taken continuously in 0.1-mm increments, representing a mean temporal resolution of 0.5 years (table S4 and fig. S6 ). Monitoring data from YB cave combined with Hendy tests on stalagmite and glass drip plate carbonate indicate that d 18 O values reflect rainfall amount above the cave and that minor kinetic effects exist that increase d 18 O values, possibly enhancing the signal when climate conditions are dry (figs. S9 to S14). The d 18 O record ranges from -5.2 to -2.5 per mil (‰) and oscillates on decadal to multicentennial scales ( Fig. 1 ). Multidecadal droughts occur between ~200 to 300, 820 to 870, 1020 to 1100, and 1530 to 1580 C.E., and the high- (10) .
We argue that climate variability was predominantly driven by Intertropical Convergence Zone (ITCZ) migration and changes in El Niño frequency, the linkage being a general perturbation of tropical climate (Walker Circulation) accompanying El Niño-Southern Oscillation (ENSO)time scale variability. During El Niño years, the ITCZ is positioned over the eastern equatorial Pacific, and boreal summer moisture delivery to the ML decreases (11) . Strengthened vertical wind shear linked to ITCZ position during El Niño years reduces the number of tropical depressions, storms, and hurricanes crossing the ML. Power spectral analyses of the YOK-I d 18 O record shows statistically significant periodicities centered on 3 to 8 years, which is consistent with a strong ENSO signal (fig. S15). Previous research used titanium concentrations in marine sediments from the Cariaco Basin to reconstruct ITCZ-related rainfall changes over the ML (2, 11) . We tuned the past 2000 years of the Cariaco Ti chronology within that record's errors using our high-precision U-Th chronology ( 13), and the Macal Chasm speleothem luminescence record ( Fig. 1E ) (8) . However, statistically significant correlations between these records are difficult to demonstrate because the chronological uncertainties of older records allow for a range of correlation coefficients. Given these uncertainties, we cannot definitively link these regional records, but visually similar trends are evident on multidecadal time scales ( fig. S17 ).
We hypothesize that precipitation-induced changes in agricultural productivity mediated the tendency toward political integration or disintegration in the ML. Droughts recorded in the Yucatan between 1535 and 1575 C.E. (14) correspond to one of four multidecadal droughts evident in the YOK-I record (Fig. 2) . The interval from 1535 to 1542 C.E. was particularly dry. Historical accounts link this drought to reduced agricultural productivity, famine, disease, death, and population relocation. Some estimates suggest that drought-related agricultural disaster caused nearly a million deaths in Mexico in 1535 C.E. (15) , illustrating how meteorologically dry conditions presage agricultural drought with severe effects scaled to population density and level of agricultural intensification.
A dry period comparable with the historical drought of 1535 C.E. is evident in the YOK-I record 
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at the end of the Preclassic Period (200 to 300 C.E.). Maya populations had expanded across the ML during the Middle and Late Preclassic Periods (1000 B.C.E. to 100 C.E.), exploiting productive agricultural soils and seasonal wetlands (16, 17) . Multiple fully developed polities emerged in the ML (18) , including the large center of El Mirador in northern Guatemala (19) . The drying trend evident in the YOK-I record starting at 100 C.E. culminated in a century-long dry interval (200 to 300 C.E.) that corresponds to the demise of El Mirador, which is consistent with the hypothesis that drought played a role in the political realignment and reorganization of ML population centers between 150 to 300 C.E. (12) . Several ML polities persisted, however, and became more integrated and grew in size, including Uxbenká (20) .
Tikal, already established in the central Peten (Guatemala) as an important regional center during the Middle and Late Preclassic (1000 B.C.E. to 300 C.E.), emerged as a dominant sociopolitical force in the wake of the climatic and social instability of the 3rd and 4th centuries C.E. (21) . Tikal, Calakmul, and other important sites in the central Peten were positioned near seasonal wetlands under intensive use (22) . High rainfall during the Early Classic evident in the YOK-I record (Fig. 2) maintained these wetlands and seasonally recharged constructed water storage systems (reservoirs and tanks) (23) . This helps to explain the growing geopolitical influence of polities like Tikal, Calakmul, Caracol, and Naranjo. Many of the best-recorded ruling Maya lineages were founded around 440 to 500 C.E. (24) during this interval of anomalously high rainfall. The overall number of monument-bearing political centers and indications of war among them also increased throughout the Early Classic (300 to 650 C.E.) (Fig. 2) .
Terminal Classic Period droughts have been cited as causes of societal collapse in the Maya lowlands (1) . The YOK-I record is consistent with this hypothesis, showing a multidecadal drought at this time (820 to 870 C.E.). This finding is consistent with arguments for a ~40% reduction in summer rainfall during the Terminal Classic Period (9) . Multidecadal drought between 820 and 870 C.E. was part of a broader regional drying trend starting 640 C.E., culminating at 1020 C.E. in a century-long dry period that is the most pronounced in our record. The early stages of this drying trend correspond with an increase in interpolity warfare (Fig. 2, A and B) and expansion in the number of competing political centers, enumerated here from long count-dated historical texts (Fig. 2 , C and D, and tables S7 and S8). War-related events increased during a dry interval between 640 and 660 C.E., but then peaked after a lag during a wetter interval between 660 and 700 C.E. Climate drying after 640 C.E. may have exacerbated environmental degradation that occurred with 5th-and 6th-century C.E. population expansion under a wetter climatic regime. Drying constrained agricultural productivity, stimulated inter-polity warfare (25) , and promoted political competition and fissioning that was ultimately unsustainable.
The first evidence for political fragmentation occurred in the Petexbatun region between 760 and 800 C.E. (26) , corresponding with a dry interval in the YOK-I record, peak population densities throughout the region (145 people per km 2 ) (27) , and the maximum spatial extent of monument-bearing urban centers (Fig. 2,  C and D) . Historical texts on stone monuments were dedicated in at least 39 centers from 750 to 775 C.E., with rulers commissioning monuments at several large centers at unprecedented rates. These texts point to a dynamic and unstable geopolitical landscape centered on status rivalry, war, and strategic alliances (28) . A precipitous drop in the number of texts at key centers (such as Tikal) between 775 and 800 C.E. was the precursor to a 50% drop in the number of centers with text-dated monuments between 800 and 825 C.E., which is evidence for widespread failure of these political systems. Increasing interpolity warfare ( Fig. 2A) is most evident in the historical record between 780 and 800 C.E. Political power became decentralized as the institution of divine kingship collapsed between 780 and 900 C.E. Less is known about the fate of the people integrated into these polities, but depopulation took centuries and entailed migration, reorganization (29, 30) , and persistence in the environs surrounding abandoned cities (such as Mopan Valley, Guatemala) (21) . Centers of political importance shifted to the northern parts of the Yucatan Peninsula as carved stone monuments were commissioned less frequently in the central Peten; the tradition ended at Chichen Itza sometime between 1000 and 1100 C.E. during the longest and driest interval of the past 2000 years.
ITCZ migration-influenced climate variability in the ML as recorded in YOK-I aids in understanding the complex socio-natural processes associated with Maya political dynamics during the past 2000 years. Population increases and the expansion of Classic Maya polities were favored by anomalously high rainfall and increased agricultural productivity between 440 and 660 C.E. High-density Maya populations were increasingly susceptible to the agricultural consequences of climate drying. We propose that a two-stage collapse commenced with the 660 C.E. drying trend. It triggered the balkanization of polities, increased warfare, and abetted overall sociopolitical destabilization. Political disintegration in the Petexbatun region foreshadows two multidecadal dry intervals that further reduced agricultural yields and caused more widespread political disintegration between 800 and 900 C.E. This was followed by a second stage of more gradual population decline and then punctuated population reductions during the most extreme dry interval in the YOK-I record between 1020 and 1100 C.E. The linkage between extended 16thcentury drought, crop failures, death, famine, and migration in Mexico provides a historic analog evident in the YOK-I record for the sociopolitical tragedy and human suffering experienced by the 11th-century Maya. It also helps explain why the cultural elaboration evident during the Classic Period never fully redeveloped.
